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(57) [Claim(s)] 

[Claim 1] A.(l) A photopolymerization nature monomer or oligomer, (2) photopolymerization initiator, (3) - the organometallic 
compound (4) in which hydrolysis and a polycondensation are possible - the solvent for said organometallic compound — (5) - water 
and (6) - the catalyst for promoting hydrolysis of said organometallic compound - An implication and the start solution whose 
content of said organometallic compound is 5 - 90 % of the weight are applied on a base material. Evaporate, make the volatile 
component in the spreading film remove, and said organometallic compound hydrolyzes. An activity radiation is irradiated at the 
process and the film for the B. aforementioned optical recording which produce the film for optical recording with which a 
photopolymerization nature monomer or oligomer was held in the network structure of the oxide of said metal which the 
polycondensation was carried out and was formed on said base material. Said photopolymerization nature monomer or oligomer in a 
part with strong optical reinforcement in the film carries out a polymerization to said film. The field where an organic polymer is rich, 
The process in which the oxide of said metal in a part with optical weak reinforcement forms a rich fieid, and the field where said 
organic polymer of the film by which the C. above-mentioned exposure was subsequently carried out is rich — and Include the process 
which leaves the network of the shape of film of the metallic oxide which has the minute opening of a large number which are the 
£"2 marks where the organic component in which the oxide of said metal contains the monomer oligomer of the polymer to which the 
polymerization was carried out and the non-polymerization in both rich fields was removed, and said organic component was- 
removed. The manufacture approach of the optical recording film covered by the base material front face of covering only said 
metallic oxide to which make the voidage in said film coming to change in a part with said strong optical reinforcement, and a part 
with optical weak reinforcement, and having density distribution and/or surface irregularity. 

[Claim 2] Removal of said organic component is the manufacture approach of the optical recording film according to claim 1 
performed by heating said film for optical recording in temperature of 200 degrees C or more. 

[Claim 3] A.(l) A photopolymerization nature monomer or oligomer, (2) photopolymerization initiator, (3) — hydrolysis and the 
organometallic compound in which a polycondensation is possible, and (4) jr^the solvent for said organometallic compound — (5) — 
water and (6) — the catalyst for promoting hydrolysis of said organometallic compound — An implication and the start solution whose 
| content of said organometallic compound is 5 - 90 % of the weight are applied on a base material. Evaporate, make the volatile 
fTI component in the spreading film remove, and said organometallic compound hydrolyzes. An activity radiation is irradiated at the 

process and the film for the B. aforementioned optical recording which produce the film for optical recording with which a 
\£ photopolymerization nature monomer or oligomer was held in the network structure of the oxide of said metal which the 

Opolycondensation was carried out and was formed on said base material. Said photopolymerization nature monomer or oligomer in a 
part with strong optical reinforcement in the film carries out a polymerization to said film. The field where an organic polymer is rich, 
no The process in which the oxide of said metal in a part with optical weak reinforcement forms a rich field, and the field where said 
ms *^ organic polymer of the film by which the C. above-mentioned exposure was. subsequently carried out is rich — and It sets here 

including the process which leaves the network of the shape of film of the metallic oxide which has the minute opening of a large 
number which are the marks where the organic component in which the oxide of said metal contains the monomer oligomer of the 
polymer to which the polymerization was carried out and the non-polymerization in both rich fields was removed, and said organic 
component was removed. Removal of said organic component is the manufacture approach of the optical recording film covered by 
the base material front face that it is carried out at the temperature which said metallic oxide may deform for said film for optical 
recording, and the irregularity controlled on the surface of the film by that cause is formed. [Claim 4] The manufacture approach of the 
optical recording film of claim 1-3 including the process which completes the polymerization of the photopolymerization nature 
monomer of a non-polymerization, and oligomer between said B processes and C processes given in any 1 term. [Claim 5] The 
manufacture approach of the optical recording film of claim 1-4 given in any 1 term using the interference fringe from which the 
exposure of said activity radiation is obtained by the radiant ray which has a coherency. 

[Claim 6] The manufacture approach of the optical recording film of claim 1-4 given in any 1 term which the exposure of said activity 
radiation performs through the patterning mask arranged on said film for optical recording. [Claim 7] Said start solution is the sum 
total of said photopolymerization nature monomer or oligomer. 10 - 80 % of the weight, said photopolymerization initiator 0.05 - 30 % 
of the weight, said organometallic compound 5 - 90 % of the weight, said solvent 5 - 90 % of the weight, said water 0.01 - 30 % of the 
weight, and said catalyst 0.05 - 30 % of the weight — since -- the manufacture approach of the optical recording film of claim 1-6 
given [ unstated ] in any 1 term. [Claim 8] Said organometallic compound is the manufacture approach of the optical recording film 
given in any 1 term of claims 1 -7 which are the things containing at least one sort chosen from the group which consists of an organic 
silicon compound, an organic titanium compound, an organic zirconium compound, and an organoaluminium compound. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the hologram which has the film, especially high endurance of the optical recording 

film and others, and the method of manufacturing it suitably. 

[0002] 

[Description of the Prior Art] The interference fringe which the light wave which has a coherency forms is recorded, and, as for the 
holography technique to reproduce, research, development, and utilization are made for the application as various optical elements, 
such as not only a display hologram but a grating, optical spectral separation, a substage condenser, a laser-beam scanning component, 
etc., in recent years. 

[CGG3] the photcpclyrricr [ versatility / a silver salt emulsion, dichromated gelatin, a photoresist, thermoplastic, and 1 as a hologram 
record ingredient _**_ it ******. Silver salt is a commercial hologram record ingredient with very high exposure sensibility, and the 
ingredient which the gelatin film was used [ ingredient ] as the base material and distributed the silver halide is used. Diffraction 
efficiency of dichromated gelatin is very high, and a noise is the low outstanding volume phase mold hologram record ingredient. This 
component is the ingredient which added and sensitization-ized dichromic acid ion into gelatin. A photoresist serves as original 
recording at the time of reproducing the hologram of an embossing die in large quantities, and plastics is used for the ingredient to 
reproduce. Thermoplastic is the record ingredient which can perform repeat record playback, and is recorded on thermoplastics as 
surface irregularity. The matter which is mainly concerned with an organic compound also in which hologram record ingredient is 
used. 

[0004] Moreover, as a technique of making surface irregularity forming on stable metallic-oxide glass, and generally processing a 
diffraction grating etc. chemically, there are electron beam lithography, ion etching, and the ultraprecise engine-lathe processing 
methods, such as a diamond turning machine. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although the approach of carrying out surface treatment to metallic-oxide glass 
has the advantage which uses the ingredient excellent in endurance, it is unsuitable for mass production method and a large area. If the 
technique exposed to activity radiations, such as holography exposure and photolithography, at the point is used, large-area-izing and 
mass production method are also possible. However, the matter which is mainly concerned with an organic compound also in which 
hologram record ingredient is used, therefore, generally endurance is not good. For example, if it becomes the temperature of 250 
degrees or more, the recorded hologram ingredient itself oxidizes and it is decomposed, and the recorded interference fringe will be 
destroyed and optical-character ability will also fall. Heat-resistant temperature is at most 300 or less degrees. Moreover, it has the 
fault of yellowing under the effect of ultraviolet rays, moisture, etc. also in respect of weatherability. Moreover, compared with 
metallic-oxide glass, since the temperature change of a refractive index and the temperature change of a volume coefficient of 
expansion are large a single figure, they also tend to produce the wave aberration by the temperature change. 

[0006] Therefore, in the field of holography, it is not concerned with a transparency mold and a reflective mold, but in order to desire 
thermal resistance with hologram record of the viewpoint of the application application expansion to wet process needlessness etc. and 
hologram record film expensive with last thing, and a resistance to environment and for a high optical property to realize it, 
development of radically different new hologram writing materials from the former is performed recently. 
[0007] In them, the hologram record ingredient in Japanese Patent Application No. 4-172534 has comparatively high thermal 
resistance, and although it has the engine performance to which it can be equal at least 300 degrees, yellowing by ultraviolet rays in 
respect of weatherability is not avoided. 
[0008] 

[Means for Solving the Problem] This invention conquers the technical problem of the above-mentioned conventional technique, 
shows an optical property, high sensitivity, etc. which were [ permeability / high diffraction efficiency, high resolution, / high ] 
excellent, and offers the film of the optical recording film and others which have the resistance to environment excellent in 
coincidence, and endurance, and the method of manufacturing the optical recording film in an easy process. 

[0009] the network of the shape of film of the mineral matter with which this invention has many minute openings inside (1) and (2) -- 
it is the optical recording film to which it becomes from the gas which exists in said opening, and the voidage in said film is changed 
by the location in the film. [ namely, ] 

[0010] This invention Moreover, an A.(l) photopolymerization nature monomer or oligomer, (2) photopolymerization initiator, (3) — 
the organometallic compound (4) in which hydrolysis and a polycondensation are possible — the solvent for said organometallic 
compound - (5) — water and (6) — the catalyst for promoting hydrolysis of said organometallic compound — Apply a ****** start 
solution on a base material, and said organometallic compound is hydrolyzed. After forming the film which was made to carry out a 
polycondensation and was gelled, make a volatile component evaporate by desiccation and solid-state-like the film for optical 
recording is produced. B. It is the manufacture approach of the optical recording film which irradiates an activity radiation and 
becomes said film for optical recording from removing the organic component subsequently to the inside of the film for the C. above- 
mentioned optical recording contained of covering only the oxide of said metal and having density distribution and/or surface 
irregularity. 

[001 1] As a photopolymerization nature monomer in the start solution used for manufacture of the film of the optical recording film 
and others in this invention, the monomer containing at least one radical in which polymerizations, such as an acryloyl radical, a 
methacryloyl radical, a vinyl group, and an allyl group, are possible can use it for intramolecular suitably. As the example, TETORO 
hydronalium furfuryl acrylate, ethyl carbitol acrylate, Dicyclopentenyl oxy-ethyl acrylate, phenyl carbitol acrylate, 



Nonylphenoxyethyl acrylate, 2-hydroxy-3-phenoxypropylacrylate, omega-hydroxy hexanoyloxy ethyl acrylate, acryloyloxyethyl 
succinate, Acryloyl OKIE chill succinate, acryloyloxyethyl phthalate, Phenyl acrylate, naphthyl acrylate, TORIBUROMO phenyl 
acrylate, Phenoxy ethyl acrylate, TORIBUROMO phenoxy ethyl acrylate, A benzyl acrylate, p-BUROMO benzyl acrylate, 2, and 2- 
bis(4-meta-chestnut ROKISHI ethoxy -3, 5-dibromo phenyl) propane, Isobornyl acrylate, 2-ethylhexyl acrylate, laurylacrylate, The 
methacrylate corresponding to these monofunctional nature acrylate to monofunctional nature acrylate lists, such as 2, 2, 3, and 3- 
tetrafluoropropylacrylate; 1 ,6-hexanediol diacrylate, Butanediol diacrylate, EO conversion tetrabromobisphenol A diacrylate, A 
pentaerythritol thoria chestnut rate, trimethylolpropane triacrylate, The methacrylate corresponding to these polyfunctional acrylate to 
polyfunctional acrylate lists, such as bisphenol A diacrylate; Styrene, p-chloro styrene, a divinylbenzene, vinyl acetate, acrylonitrile, 
Vinyl compound; and di ethylene-glycol bisallyl carbonate, such as N- vinyl pyrrolidone, vinyl naphthalene, and N-vinylcarbazole, 
Allyl compounds, such as triallyl isocyanurate, JIARIRI DIN pentaerythritol, diallyl phthalate, and diallyl isophthalate, etc. are 
mentioned (mixture is included). 

[0012] Although the methacrylate corresponding to polyfunctional oligo acrylate and these acrylate, such as urethane acrylate 
oligomer, epoxy acrylate oligomer, ester acrylate oligomer, polyol polyacrylate, denaturation polyol polyacrylate, and polyacrylate of 
an isocyanuric acid frame, is mentioned besides the oligomer of the above-mentioned photopolymerization nature monomer as an 
example of the photopolymerization nature oligomer in the start solution used by this invention (mixture is included), it is not limited 
to this. 

[0013] What is generated by the addition reaction of the poly isocyanate, 2-hydroxyalkyl (meta) acrylate, and polyol as polyurethane 
acrylate oligomer is illustrated. Here, as poly isocyanate, toluene diisocyanate, isophorone diisocyanate, trimethyl hexamethylene di- 
isocyanate, hexamethylene di-isocyanate, etc. are mentioned. Moreover, as polyol, polyether polyols, such as a polyethylene glycol, a 
polypropylene glycol, and a polytetramethylene glycol, polyester polyol, polycarbonate polyol, polysiloxane polyol, etc. are 
mentioned. 

[0014] As an organometallic compound in which the hydrolysis in the start solution used for manufacture of the film of the optical 
recording film and ethers and the po!yeond?nsatirm which are used by this invention are possible, the thing containing at least one sort 
in an organic silicon compound, an organic titanium compound, an organic zirconium compound, and an organoalurninium compound 
is desirable, and the metal alkoxide which has especially an alkoxyl group is desirable. Specifically, methoxides, such as silicon, 
titanium, a zirconium, and aluminum, ethoxide, propoxide, butoxide, etc. are used by the simple substance or the mixture. 
Organoalurninium compounds, such as organic zirconium compound; aluminum ethoxide, such as organic titanium compound; 
zirconium methoxides, such as organic silicon compound; titanium isopropoxide, such as a tetra-ethoxy silane, a tetramethoxy silane, 
and tetra-butoxysilane, and titanium butoxide, and zirconium butoxide, and aluminum butoxide, etc. are mentioned as the example. 
Moreover, you may embellish with the compound which has the functional group in which other organic monomers and a 
polymerization are possible like the compound which has the organic section in side chains, such as dimethylsiloxane, an amino 
silane, and poly dimethylsiloxane of a silanol end, or vinylsilane, an acrylic silane, and an epoxy silane organically. 
[0015] In addition, metal inorganic compounds, such as carboxylate, such as metal acetylacetonate, acetate, and an oxalate, and a 
nitrate, a chloride, and an oxysalt ghost, may be used besides the above-mentioned metal alkoxide. 

[0016] The inorganic network structure is formed from a sol and the above-mentioned organometallic compound serves as gel as it 
hydrolyzes in a solution and a polycondensation progresses. If heating-at-high-temperature processing of this gel is carried out, a 
metallic-oxide solid-state can be created. 

[0017] Moreover, the catalyst, for promoting a solvent, water, and said hydrolysis for said organometallic compound used by this 
invention, hydrolysis and in order to carry out a polycondensation is required. As a solvent which should dissolve this organic metal 
compound, alcohols, such as a methanol, ethanol, propanol, and a butanol, are the most desirable. Moreover, as the above-mentioned 
catalyst, bases, such as acids, such as a hydrochloric acid, an acetic acid, a sulfuric acid, and a nitric acid, and ammonia, are used. 
[0018] Although there being a difference of the refractive index of each polymer in Japanese Patent Application No. 4-172534 and the 
desirable one where the difference is larger show high diffraction efficiency about the combination of the above-mentioned 
photopolymerization nature monomer or oligomer, and the above-mentioned organometallic compound, in this invention, both 
refractive index can choose combination independently. It is because the organic polymer which a photopolymerization nature 
monomer or oligomer carried out the polymerization, and was able to do it is removed by the next process, it leaves only the inorganic 
network structure into the optical recording film and a gas like air is made to exist in an opening so that it may state later. 
[0019] In order to carry out the polymerization of an above-mentioned photopolymerization nature monomer or oligomer with an 
activity radiation, it is necessary to add a photopolymerization initiator to this. The compound shown below as a photopolymerization 
initiator of this invention is mentioned. For example, 2, 3-bornane dione (camphor quinone), 2, 2, 5 and 5, - tetramethyl tetrahydro - 
Annular cis— alpha-dicarbonyl compounds, such as 3 and 4-furan acid (imidazoletrione), Benzophenones, such as 3, 3', 4, and a 4- 
tetrapod-(tert-butyl peroxide carbonyl) benzophenone, Diacetyl, benzyl, a MIHIRAZU ketone, a diethoxy acetophenone, Ketones, 
such as 2-hydroxy 2-methylpropiohenone and 1 -hydroxy cyclohexyl phenyl ketone Peroxides, such as benzoyl peroxide and di-t-butyl 
peroxide, Aromatic carboxylic acid, such as azo compounds, such as allyl compound diazonium salt, and N-phenylglycine, Xanthenes, 
such as 2-chloro thioxan ton, 2, and 4-diethyl thioxan ton Diaryl iodonium salt, triaryl sulfonium salt, triphenyl alkyl way acid 
chloride, An iron allene complex, bis-imidazole derivatives, the Pori halogenated compound, phenyl iso oxazolone, benzoin ethyl 
ether, benzyl dimethyl ketal, etc. are mentioned (mixture is included). Furthermore, amines, thiols, p-toluenesulfonic acid, etc. are 
mentioned as an assistant. 

[0020] This start solution for optical recording film expresses with a principal component The sum total of a photopolymerization 
nature monomer or oligomer 10 - 80 % of the weight, a photopolymerization initiator 0.05 - 30 % of the weight, said organometallic 
compound The solvent for 5 - 90 % of the weight, and said organometallic compound 5 - 90 % of the weight, water 0.01 - 30 % of the 
weight, and catalyst It is desirable to contain 0.05 - 30 % of the weight. If the sum total of the above-mentioned photopolymerization 
nature monomer or oligomer exceeds less than 10 % of the weight or 80 % of the weight, high diffraction efficiency will become is 
hard to be acquired. If the above-mentioned organometallic compound exceeds less than 5 % of the weight or 90 % of the weight 
similarly, high diffraction efficiency will not be acquired. A photosensitizer can be contained and it can make 0.01 - 10 % of the 
weight contain [ constituent / this ] a plasticizer 0.01 to 1 0% of the weight if needed, respectively. 

[0021] When the photopolymerization nature monomer or oligomer to be used is the liquid which has low viscosity, a solvent is not 
required, but this is a solid-state, or in having high viscosity, it uses the solvent for dissolving it. As this solvent, toluene, dioxane, 
chloroform, dichloromethane, a methylene chloride, a tetrahydrofuran, etc. can be used. However, since isopropyl alcohol is also the 
solvent of 2-hydroxy-3 -phenoxy hexyl acrylate (solid photopolymerization nature monomer) while being the solvent of a tetra-ethoxy 
silane (organometallic compound in which hydrolysis and a polycondensation are possible) when dissolving in the solvent for the 
organometallic compound which a photopolymerization nature monomer or oligomer described previously for example, as for the 
isopropyl alcohol which is a solvent for said organometallic compound, the solvent for a photopolymerization nature monomer or 



oligomer can be made to serve a double purpose. 

[0022] Moreover, organic qualification of the inorganic network structure is carried out by dimethylsiloxane, the amino silane and the 
poly dimethylsiloxane of a silanol end, gamma-methacryloxypropyl triethoxysilane, and gamma-guru SHIJIROKISHI propyl 
triethoxysilane as hydrolysis and the organometallic compound in which a poly condensation reaction is possible, for example, a 
silicon system compound, and it does not matter as organic inorganic complex. That is, an organic radical can be introduced for 
dimethylsiloxane and poly dimethylsiloxane into the siloxane inorganic network structure combining the above-mentioned hydrolysis 
and the organometallic compound in which a polycondensation is possible, for example, a tetra-ethoxy silane, among the above- 
mentioned compounds, flexibility can also be made to give, and, thereby, the handling of the film before heating becomes easy. 
[0023] A plasticizer can be added in this start solution for optical recording film. A plasticizer is for giving plasticity to the 
photopolymerization mold monomer in the constituent for optical recording (or oligomer), and can mention triethylene glycol 
dicaprylate, triethylene glycol diacetate, triethylene glycol dipropionate, a glyceryl TORIBUCHI rate, tetraethylene glycol 
JIHEPUTANOETO, a diethyl horse mackerel peat, diethyl sebacate, tributyl phosphate, etc. as an example of a plasticizer. 
[0024] Furthermore, a sensitizer like coloring matter can be added in this start solution for optical recording film. This is for making a 
polymerization reaction cause efficiently with an activity radiation. Although the compound shown below as coloring matter used is 
mentioned, it is not limited to this. For example, when using a visible ray, it is the compound which has extinction in light (mixture is 
included) regions, such as a methylene blue, an acridine orange, thioflavine, a keto coumarin, Erythrosine C, eosine Y, merocyanine, a 
phthalocyanine, and a porphyrin. 

[0025] Moreover, it is very useful in order that adding the additive of a leveling agent and others in addition to the above-mentioned 
component may also make a uniform paint film to the start solution of this invention. 

[0026] Next, how to record light using the start solution of this invention is explained. In order to prepare material for optical 
recording, photopolymerization nature oligomer, a monomer, a photopolymerization initiator, and coloring matter are dissolved into 
the organometallic compound solution containing the acid or base used as water, a solvent, and a catalyst, but if required, the solvent 
(such mixture is included) cf a methanol, ethanol, isopropann!. toluene, dioxane. chloroform, dichloromethane, a methylene chloride, a 
tetrahydrofuran, and others will be used, for example. The amount of these solvents used is usually the 10 - 1000 weight section to the 
principal component 1 00 weight section (except for a solvent) of the constituent for optical recording. 

[0027] Then, after preparing the start solution for optical recording by the above presentation ratios, coating is performed for this 
liquefied object using the various methods of application on the base material front face where a glass plate, a silicon substrate, etc. are 
smooth. Various approaches, such as an approach using a spin coat, the DIP coat, the bar coat, the flow coat (curtain coat), etc. and a 
doctor blade and an applicator as the coating approach, are applicable. 

[0028] then, this spreading film - a room temperature or warming — a condition — under a reduced pressure condition further, if 
required The solvent used when dissolving the solvent, the photopolymerization nature oligomer, or the monomer which held under 
fixed time amount and constant temperature, and was contained in the start solution, Evaporate, make volatile components, such as 
water and a catalyst, remove out of a paint film, and an organometallic compound hydrolyzes. Solid-state-like the film for optical 
recording with which photopolymerization nature oligomer, the monomer, the photopolymerization initiator, the photosensitizer, etc. 
were incorporated by homogeneity in the inorganic network structure formed of the polycondensation reaction is obtained in the 
condition of having been covered on the smooth base material front face. In fact, even if it remains to about several % of the weight, 
without being removed completely, these volatile components are satisfactory if a solid-state-like filmy body is obtained substantially. 
The thickness after desiccation of the film for optical recording is usually 0.01-100 micrometers. Then, a transparent resin film or a 
transparent glass plate is covered on the front face of the obtained film for optical recording using a suitable approach to the activity 
radiation irradiated or exposed at degree process. This is for preventing adhesion of dust, a foreign matter, etc., in order that this 
constituent may prevent the polymerization inhibitory action by oxygen, since a polymerization advances by the radical 
polymerization. 

[0029] Next, the stroke which exposes to an activity radiation the optical recording film with which the above was covered is 
performed. An activity radiation points out the radiation which can make photopolymerization nature oligomer and a monomer 
produce a polymerization reaction by exposure for radiant rays, such as ultraviolet rays, the light, and infrared radiation, an electron 
beam, an ion beam, etc. There is an approach which the interference fringe obtained as this stroke by the radiant ray which has a 
coherency is made to expose. The well-known approach of generally using the laser light source as the coherent light source is used. 
As the approach of interference exposure, it can carry out using known holographic exposure optical system. Usually, this approach is 
called the two-beam-interference exposing method. The laser beam oscillated from a laser oscillation machine is divided into two 
parallel light or the diffused light using a beam splitter, a beam expander, a collimator lens, etc. And incidence is carried out to 
material for optical recording by making the flux of light of one of these into a reference beam. The flux of light of another side is 
irradiated by the body when recording for example, a body image, and it carries out incidence to material for optical recording by 
making the reflected light from the body into body light. At this time, a reference beam and body light form an interference fringe, that 
interference fringe is recorded on the film for optical recording, and the optical recording film (hologram) is obtained. 
[0030] Moreover, the approach of using the patterning mask other than the above-mentioned interference exposing method may be 
used as an approach of exposing to an activity radiation. The approach of laying the mask which created the pattern predetermined by 
the matter which does not pass a radiant ray on said film for optical recording, for example, exposing the radiant ray of a high-pressure 
mercury lamp through a patterning mask is mentioned. The approach of making the activity radiation beam of fixed aperture scanning 
furthermore may be used. 

[003 1] Although the time amount exposed to an activity radiation changes with the reinforcement of the activity radiation, record area, 
and others, it is usually 0. 1 seconds - 30 minutes, and it is exposed so that total light exposure may become 0.1 - 1000 mJ/cm2. 
[0032] It is the process which exposes the optical recording film to an activity radiation, next the polymerization of the 
photopolymerization nature oligomer of the non-polymerization which remains in this material for optical recording, and a monomer 
is completed, and it is desirable to pass through the process which deactivates photosensitizers, such as an unreacted 
photopolymerization initiator and coloring matter. 

[0033] This process can perform uniform activity radiation irradiation which may produce a polymerization reaction to the whole 
surface of the optical recording film after exposing to an activity radiation. The polymerization of the non-polymerization oligomer in 
the optical recording film and a monomer is completed by this homogeneity exposure, and the presentation distribution currently 
formed is fixed. This process is performed so that a total exposure may usually become about ten to 10000 mJ/cm2. However, even if 
it does not perform this process, equivalent effectiveness is acquired according to the process which removes the organic component 
described below. 

[0034] It performs removing an organic component from the optical recording film obtained according to the above-mentioned process 
as a following process. With said organic component, survival, such as a photopolymerization initiator, coloring matter, and a solvent, 



is also contained in the monomer of not only an organic polymer but the non-polymerization in which the photopolymerization nature 
monomer or oligomer mentioned above carried out the polymerization, oligomer, and a pan. As the approach, the approach of heating, 
for example to the temperature of at least 200 degrees or more is mentioned. The organic component in the optical recording film 
oxidizes, and is decomposed by heat-treatment, and it is removed from the optical recording film, and the removed marks remain as an 
opening and a gas like air exists there. It depends for whenever [ this stoving temperature ] also on organic compounds removed, such 
as a used photopolymerization nature monomer, oligomer, or a solvent. Moreover, also in order to raise the compactness of the optical 
recording film and to raise a mechanical strength, heating to an elevated temperature is desirable. 1 minutes or more of range are 
[ whenever / stoving temperature / 200 degrees C to about 1200 degrees C, and heating time ] therefore, desirable at least. 
[0035] The approach of carrying out oxidative degradation of the organic component by the ozone which irradiated about 1 84nm 
ultraviolet rays and was generated as other methods of removing an organic component from the optical recording film, or the 
approach eluted in an organic component using a solvent is mentioned. Moreover, these processes may be used together. 
[0036] At this process, the water which remains in the film by which optical recording was carried out, a catalyst, and an organic 
component are removed, it becomes an opening, and a mineral constituent (metallic oxide) remains. It means that the inorganic 
network structure and the presentation distribution of an organic macromolecule which were modulated by optical recording were 
recorded as a modulation of the inorganic network structure in that case. Since the film obtained at this process does not contain an 
organic component, thermal resistance, weatherability, and a resistance to environment are very excellent. 

[0037] Moreover, although the voidage of the above-mentioned film (covering only mineral matter (metallic oxide) if it expresses 
conversely consistency), for example, the voidage per membranous unit microbody product (per [ of 10 / the 21st power cube m of 
minus ]), changes with the locations on the front face of the film by the modulation of the above-mentioned optical recording In 
heating more than to the high temperature, for example, about 300 degrees C, which may be deformed, the mineral matter, for 
example, the silica, which constitutes the inorganic network structure from an above-mentioned process The irregularity from which 
the small filmy body part contracted relatively more greatly than a large filmy body part, and the consistency of mineral matter was 
relatively controlled by surface tension of mineral matter by the filmy body front face is formed. 
[0038] Next, the principle of this invention is described. 

[0039] The photopolymerization nature monomer or oligomer which contained additives, such as a photosensitizer and a plasticizer, in 
the constant-rate **** organometallic compound solution a photopolymerization initiator and if needed is added, the acid or base 
which is a solvent, water, and a catalyst is stirred, and it mixes. Coating of the solution mixed by homogeneity is carried out by various 
approaches on a substrate, and a filmy body is obtained. Although it is the filmy body which consists of a viscous liquid in this phase, 
hydrolysis of an organometallic compound and a polycondensation advance, the inorganic network structure is formed, and it changes 
from a sol to the gel state as time amount passes after coating. Furthermore, by advancing a forced drying or an air drying, volatile 
components contained in the inorganic network structure, such as a solvent and water, evaporate, and solid-state-like the filmy body 
for optical recording is obtained as a result. 

[0040] Although a photopolymerization nature monomer or oligomer is held in the inorganic network structure formed in the whole 
film in the optical recording film before exposing to an activity radiation at homogeneity, a polymerization is alternatively started by 
the optical intensity distribution inside the optical recording film in the exposure process of the activity radiation by the exposure to 
the interference fringe formed of two-beam-interference exposure of laser etc., or mask pattern exposure. That is, since a 
polymerization starts in a part with strong optical reinforcement and a monomer is consumed along with it, a monomer is supplied to a 
part with strong optical reinforcement from a part with the optical weak reinforcement which adjoined, and a polymerization is 
promoted further. In this case, a part of inorganic network structure to which optical reinforcement existed in the strong part from the 
first It extrudes with the polymer to which the volume became large by the monomer to which optical reinforcement was supplied 
from the weak part. The organic polymer rich field as for which optical reinforcement will move to a weak adjacent part, and the 
photopolymerization nature monomer (or oligomer) whose optical reinforcement is finally a strong part carried out the polymerization, 
It is relatively classified into an inorganic network structure rich field, and it is thought [ whose it is a part with optical weak 
reinforcement conversely ] that a big presentation difference arises between both the field. The optical recording film which used the 
difference of the refractive index Np of an organic polymer and the refractive index Nm (refractive index which the mineral matter 
which hydrolyzed and carried out the polycondensation and was able to do said organometallic compound has) of the inorganic 
network structure in which the photopolymerization nature monomer (or oligomer) carried out the polymerization at this time is 
Japanese Patent Application No. 4-172534 for which these people applied. 

[0041] The organic polymer contained inside or the oligomer whose reaction is not completed, and an organic component like a 
monomer are made to remove from the record film in which presentation distribution of an organic polymer component and the 
inorganic network structure was made to form by exposure in the above-mentioned activity radiation in the optical recording film of 
this invention. Therefore, since the difference of the refractive index Np of a polymer and the refractive index Nm of the inorganic 
network structure which were shown by Japanese Patent Application No. 4-172534 is not used but the difference of the refractive 
index Nm of the inorganic network structure and the refractive index of the gas of the air which exists in the space which said organic 
component left, and others is used, in case the combination of a photopolymerization nature monomer or oligomer, and an 
organometallic compound is selected, there is no limit of a refractive index, therefore more combination of it becomes possible. 
[0042] According to the process which removes the organic component of this invention, the optical recording film becomes porosity- 
like and the whole is contracted in about 1/2 to 1/20 thickness in the thickness direction. In addition, although it is going to contract 
this film also in the direction of a flat surface, since it is restrained by the base material, contraction of the direction of a flat surface is 
hardly produced in fact. Change of two types may take place at this time. As for the 1st type, the voidage of the field becomes high by 
removing an organic component in an organic polymer rich field, it -- receiving — an inorganic network structure rich field — an 
organic polymer - voidage is lower than the rich field. And the part with low voidage has the refractive index of appearance higher 
than a part with high voidage. That is, it means that optical intensity distribution turn into distribution of voidage in this case, and it 
was recorded. In other words, only the mineral matter of a film part upon which the light of strong reinforcement shone is covered, a 
consistency becomes low, only the mineral matter of a film part upon which the light of conversely weak reinforcement shone is 
covered, and a consistency becomes high. The refractive-index difference of the appearance of a part with voidage lower to use 
[ rather than ] an organic titanium compound, using an organic silicon compound as an organometallic compound in which hydrolysis 
and a polycondensation are possible, and a part with high voidage becomes large. That is because the direction of the titanium oxide 
which constitutes the inorganic network structure has a refractive index [ in itself] (2.35) higher than oxidation silicon (refractive 
index = 1 .46). the 2nd type -- change of the 1st type — then, the case where eburnation of the porous membrane is carried out more — 
an organic polymer with high voidage — since contraction becomes large more relatively than an inorganic network structure rich 
field, the rich field is the case where surface irregularity is formed in record film. At this time, the field where optical reinforcement is 
high forms a crevice, and the field where optical reinforcement is low forms heights. The height of this irregularity usually produces 



concavo-convex height of 0.001 micrometers - 10 micrometers, although it may change with whenever [ presentation / of record film /, 
membranous thickness, optical intensity-distribution / to irradiate /, and stoving temperature ] etc. and irregularity may hardly arise. 
[0043] Surface irregularity and hole distribution is based on conditions, such as concentration of the compound used for a mineral 
constituent, an organic component, and a mineral constituent, and heat-treatment temperature. When heat-treatment temperature is 
extremely high, voidage becomes zero and only surface irregularity is formed for both the organic polymer rich field where voidage is 
high, and an inorganic network structure rich field. Moreover, it is possible to also make both surface irregularity and hole distribution 
form. When making both surface irregularity and hole distribution form, as optical recording film, they work additively. 
[0044] Although the above was explained that hole (opening) distribution did not arise in the membranous thickness direction, hole 
distribution is produced also in the thickness direction and the direction of a flat surface of membranous in fact in many cases. It is 
remarkable when making the interference fringe obtained by the radiant ray which has especially a coherency exposed. 
[0045] 

[Effect of the Invention] The optical recording film in which the optical property which the outstanding lightfastness and thermal 

resistance which consist of stable mineral constituents chemically, a resistance to environment, etc. ******** (ed), and was 

[ permeability / high diffraction efficiency, high resolution, / high ] excellent with this invention is shown can be obtained. Moreover, 

it becomes possible to obtain the thin film which performed detailed concavo-convex processing by this invention. 

[0046] 

[Example] Hereafter, although the example of this invention is given and explained, this invention is not limited to these examples. 
<Explanation of the compound shown below> TEOS : Tetra-ethoxy silane PDMS : End silanol group poly dimethylsiloxane THF : 
Tetrahydrofuran i-PA : Isopropyl alcohol HC1 : 12-N hydrochloric-acid Ti(OPr)4:tetraisopropoxy titanium HPPA : 2-hydroxy-3- 
phenoxypropylacrylate EBP A : Ethoxy rate bisphenol A diacrylate BTTB : 3, 3', 4, a 4-tetrapod-(tert-butyl peroxide carbonyl) 
benzophenone (the Nippon Oil & Fats make, 50% of purity) 
KCD : 3 and 3'-carbonyl screw (7-diethylamino coumarin) 

an example 1 — the start solution for optical recording film was first prepared on condition that the following. 

<A solution 1> TEOS (hydrolysis and a polycondensation possible) It comes out and is a 

certain organometallic compound. 27gPDMS (same as the above) 3gTHF(s) (solvent) 5 cci-PA (solvent) Nine cc 

. <a solution 2> i-PA (solvent) 12ccH(s)20 (for 

hydrolysis of TEOS and PDMS) 2ccHCl (concentration of 12Ns) (catalyst for promoting hydrolysis) Five cc 

After preparing and stirring a solution 1 and a solution 2 separately, stirring the solution 2 which is the 

catalyst of hydrolysis and a polycondensation reaction in a solution 1, it was dropped and, in addition, the uniform solution was 
obtained. Then, this solution was flowed back for 40 minutes at 80 degrees C, and the solution of an organometallic compound was 
obtained. 

[0047] Next, under the lamp for red dark rooms, the photopolymerization initiator BTTB and coloring matter KCD were dissolved in 
the methylene chloride and the methanol mixed solution, the solution 3 which carried out mixed stirring at the photopolymerization 
monomers HPPA and EBPA was introduced into 5.0g (mixture of solutions 1 and 2) of solutions of the above-mentioned 
organometallic compound by the following weight ratios, stirring mixing was carried out, and the uniform start solution for optical 
recording was obtained. 
[0048] 

<A solution 3> HPPA (photopolymerization monomer) 4.75gEBPA(s) 

(photopolymerization monomer) 0.25gBTTB(s) (photopolymerization initiator) 0.50gKCD(s) (coloring matter) 0.0 lg methylene 

chloride / methanol (= 95/5 % of the weight) (solvent) l.OOg The sensitization 

layer which uses an applicator on a 300x150x2mm glass substrate under the lamp for red dark rooms, coats, puts for about 24 hours, 
gels, is dried 30 degrees C, and does not have the crack whose thickness is about 9.5 micrometers in this solution was obtained. Then, 
the covering film of polyethylene terephthalate with a thickness of 100 micrometers was made to adhere on the above-mentioned 
sensitization layer, it was cut, and the sensitization material (film for optical recording) which consists of a layered product of a glass 
substrate-sensitization layer-polyethylene terephthalate film with a magnitude of 60x60mm was obtained. 

[0049] next, light with a wavelength of 514.5nm oscillated from Ar ion laser 1 in optical system as shown in drawing 1 — a shutter 2 — 
letting it pass — the beam expander 3 and a collimator lens 4 -- parallel light — carrying out -- a beam splitter 5 — the parallel light of 
the 2 flux of lights — dividing -- a mirror 6 and 6' — using — the above-mentioned sensitization material (layered product of a glass 
substrate-optical recording layer-polyethylene terephthalate film) - to three sheets, incidence was carried out at the include angle 
theta, and interference exposure was performed. In addition, the value of an include angle theta was made into 5 degrees, 14 degrees, 
and 42 degrees, respectively, and was produced with the light exposure of 30 - 50 mJ/cm2. 

[0050] Complete exposure was performed for sensitization material for about 15 minutes from the distance of 3cm after interference 
exposure using the fluorescent lamp of 30W, the polymerization of a non-polymerization monomer was completed, and it fixed. 
[0051] The diffraction grating was produced using the interference fringe which has about 170 and 480 or 1400 spatial frequency/mm 
in sensitization material as mentioned above. 

[0052] Next, after removing a polyethylene terephthalate film from this diffraction grating, it heated to 500 degrees C with the 
programming rate of 50 degrees C/hour in the electric furnace. After maintaining at temperature as it is for 4 hours, gradual cooling of 
the inside of an electric furnace was carried out to the room temperature over about 10 hours, and the diffraction grating was taken out. 
Thus, the layered product of Si02 film which is 1 .2 micrometers of thickness on which spatial frequency 1 70 and the diffraction 
grating which has mm in 480 or 1400 [ f] were recorded, and a glass substrate was obtained. When the cross section of this Si02 film 
was observed with the 50,000 times [ 1000 times to ] as many electron microscope as this, according to the strength of an interference 
fringe, it was checked surface irregularity and that the density distribution of a silica particle is formed slightly. That is, the height of 
surface mountain range-like heights responded to about 1 micrometer, width of face responded to the above-mentioned spatial 
frequency, and the pitches (distance of the center to center of heights) of about 1 micrometer and irregularity were about 6 
micrometers, about 2 micrometers, and about 0.7 micrometers, respectively. And it was confirmed that a silica particle (diameter of 
about 0.01-0.1 micrometers) exists inside the film, a front face exists closely inside the part of a convex, an another side front face is 
coarse (an opening is ), and the part of concave exists. The function as a diffraction grating is based mainly on the irregularity on the 
front face of the film. 

[0053] On the sensitization material used in the example 2 example 1, the USAF test target (MERESU griot company make, 1-228 
spatial frequency/mm) was laid as a masking plate, and it was exposed for 5 seconds to the 2kW ultraviolet ray lamp, having used 
distance from the light source as 30cm. After removing a polyethylene terephthalate film, it heated to 500 degrees C with the 
programming rate of 50 degrees C/hour in the electric furnace. After maintaining at temperature as it is for 4 hours, gradual cooling of 



the inside of an electric furnace was carried out to the room temperature over about 10 hours, and sensitization material was taken out. 
When the front face of this Si02 film was observed with the electron microscope, it was checked that surface irregularity is formed 
according to a mask pattern. 

[0054] The example in the case of making Ti02 into the inorganic network structure is shown in the 3rd example. The start solution 
for optical recording film was adjusted by the following approaches. 

<A solution 4> Ti4 (OPr) 20 gi-PA 20 cc <A solution 5> 

i-PA 40ccH(s)2O 2.0ccHCl(s) (concentration of 12Ns) 0.5 cc 

Stirring hydrolysis and the solution 5 which is the catalyst of a polycondensation in a solution 6, after stirring a solution 4 and a 
solution 5 separately, it was dropped gradually and, in addition, the uniform solution was obtained. 

<A solution 6> HPPA 4.75gEBPA(s) 0.25gBTTB(s) 0.50gKCD(s) O.Olg 

methylene chloride / methanol (= 95/5 % of the weight) l.OOg Und er the lamp for 

red dark rooms, by the weight ratio shown in the above-mentioned solution 6 Next, the photopolymerization initiator BTTB Coloring 
matter KCD was dissolved in the methylene chloride and the methanol mixed solution, the solution 6 which carried out mixed stirring 
at the photopolymerization monomers HPPA and EBPA was introduced into lO.Og (mixture of solutions 4 and 5) of solutions of the 
above-mentioned organometallic compound, stirring mixing was carried out, and the uniform start solution was obtained. 
[0055] Coating was performed by the same approach as an example 1, the optical recording film was obtained, and the diffraction 
grating was recorded using the interference fringe which has 1400 spatial frequency/mm. 

[0056] Diffraction efficiency was measured using the 632.8nm beam oscillated from helium-Ne laser. Diffraction efficiency was 
computed as a ratio of primary diffracted-light reinforcement to incident light reinforcement. The result is shown in Table 1. Although 
it was only 0.022 diffraction efficiency when complete exposure was performed using the fluorescent lamp, it went up gradually as it 
heat-treated, and about 0.5 diffraction efficiency was acquired by 400 - 500 heat treatments. 

[0057] When the cross section of this Ti02 film was observed with the electron microscope, it was checked that hole distribution is 
mainly formed according to the strength of an interference fringe, and surface irregularity is also formed slightly. That thus, are after 
heating and the diffraction efficiency of a diffraction grating improves rather than heating before As opposed to the difference of the 
refractive index of the organic polymer rich field and inorganic network structure rich field by incident light intensity distribution 
originating in the difference (about 0.05) of the refractive index 1 .55 [ about ] of a polymer (copolymer of HPPA and EBPA), and the 
refractive index 1.6 of titanium oxide gel before heating In the diffraction grating after 400-degree-C heating, it is based on a very 
large thing compared with the difference of the thing before refractive-index about 1 .00 difference of the refractive-index about 2.35 
and air of titanium oxide (about 1.35) heating. 
[0058] 
[Table 1] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is an example of optical system used as an example of this invention when recording a transmission grating. 

[Description of Notations] 

1 .. a laser oscillation machine, 

2 .. a shutter, 

3 .. a beam expander, 

4 .. a collimator lens, 

5 abeam splitter, 

7 .. sensitization material, 
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MtflURtf fttftt ^ C i#'C S C CGrtMHUK •? 30 

t*±3lfflfi/ftlSrSj 10-10 0 0 OmJ/cirf tC£*J: ^ 

[ 0 0 3 4] vtCI^i OX, _hi&C'XfItc J: 0 f# 6ft 
fctfSaiSfi J: 0 ¥1 r&su- & C <L ft?* 5 . maw 

t s o o *u±©»*<c.w»r h-fi&fri&vf ht\z> 0 

i«SOTccJ:^r*M«+fi[>W**^, BMfc. 
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[0035] Tfcl^E J: 0 
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>K*OWiM»ftefl^lB 3 Sfc«*Sft 

ft6©xiaftwfflifr*»*ir». 
[0 03 6] c©xst. *ss$ftfc«*w:»»r& 

*. ftfe®, W«*£aTOSSftT^£*0^«fc«9 
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ss3W4a«*ftK:^ft*^^-«*«i&sft&©-c, 
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i - PA : ^V7"db^r.'l2-^ 

HC 1 ; 1 2N< M» 

Ti(OPr), : f H/(VW^:/**> 
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